Sentinel lymph node evaluation has enabled identification of patients with cutaneous melanoma who might benefit from elective regional lymph node dissection. Sentinel nodes are currently assessed by histologic and reverse transcription polymerase chain reaction (RT-PCR) evaluation for melanocyte-specific markers. The only independent prognostic factors identified by multivariate analysis were the Breslow thickness of the primary tumour and histopathologic positivity of sentinel nodes. Our findings support previous observations that histopathologic evidence of metastatic melanoma in sentinel lymph nodes is an independent predictor of disease recurrence. In contrast, detection of tyrosinase mRNA by RT-PCR alone does not appear to increase the likelihood of shortterm disease recurrence.
Introduction
Lymph node status is one of the most important prognostic factors in cutaneous malignant melanoma. According to the 2002 American Joint committee on Cancer (AJCC) staging for cutaneous melanoma, the presence of regional nodal metastases (Stage III patients) has a significant adverse impact on survival when compared to node negative (Stages I and II) patients, 1 emphasizing the need for early and precise assessment of regional lymph nodes.
The introduction of sentinel lymph node excision and evaluation over a decade ago has improved the accuracy of disease staging and this procedure is used routinely in the investigation of patients with intermediate thickness melanomas and no clinical evidence of metastasis. Conceptually, the status of the sentinel lymph nodes represents the metastatic status of the regional node basin. This allows identification of the subset of patients likely to gain a survival advantage from elective regional lymph node dissection, as recently demonstrated in a report from the Multicenter Selective Lymphadenectomy Trial. This clearly showed a significant survival advantage in sentinel node-positive patients undergoing immediate elective regional lymph node dissection, in comparison to patients who did not have sentinel lymph node biopsy and underwent regional lymphadenectomy only after clinical emergence of nodal disease. 2 An additional benefit of sentinel nodal biopsy lies in sparing those node-negative patients the morbidity (wound separation, infection, hematoma formation and/or lymphedema) associated with unnecessary lymphadenectomy. 3, 4 Since the inception of the sentinel lymph node biopsy procedure, significant strides have been made both in refining the surgical approach to nodal identification and excision and in defining the optimal method of examination of the harvested tissue in the pathology laboratory. 5, 6 Histological evaluation using both routine stains and immunohistochemistry is the practise in most laboratories. Molecular detection of melanocytespecific mRNA by reverse transcription polymerase chain reaction (RT-PCR) is also applied to sentinel lymph node evaluation in many centres. Owing to the exquisitely sensitive nature of this technology, its introduction to clinical practise has revealed a relatively high proportion of sentinel nodes with histologically unexplained RT-PCR positivity.
This has raised the issue of whether detection of tyrosinase mRNA in the absence of histologic evidence of metastatic disease should prompt the surgeon to proceed to elective regional lymphadenectomy. The current practise in this regard is not standardized and is largely institution dependent. In our centre, as in many others, these patients are followed clinically without further intervention. This stems from the knowledge that the RT-PCR technique has a well-documented rate of falsepositivity, attributable in part to the presence capsular nevi in a substantial proportion of sentinel nodes removed from melanoma patients and to other postulated sources of 'melanocytic' markers, including melanophages, certain dendritic and Schwann cells. 5, 7 In this context, we set out to compare the clinical outcome of patients with sentinel lymph node positivity for tyrosinase-mRNA by RT-PCR alone with the outcomes of patients yielding histologic nodal positivity, and of patients whose nodes were negative by both methods. Our objective was to determine whether it is justifiable to withhold elective regional lymph node dissection from the first of these three groups.
Materials and methods

Patients
All patients who underwent sentinel lymph node excision for primary cutaneous melanoma at the Queen Elizabeth II Health Sciences Centre between October 1998 and May 2004 were identified retrospectively using the Department of Pathology Laboratory Information System (LIS-Cerner Systems, USA). These mainly included individuals with intermediate thickness melanomas (1.0-4.0 mm) and those with thin (o1.0 mm) level four melanomas lacking clinical evidence of regional lymph node involvement. A definitive excision of the primary tumour site was carried out in each case, usually at the time of the sentinel lymph node biopsy procedure. Any case in which the primary tumour was unavailable for pathologic review (ie excised at another institution) was excluded from the study. Patients with histopathological evidence of metastatic melanoma in the sentinel node(s) were offered further treatment with elective regional lymph node dissection as well as consultation with medical oncology, whereas all others were assigned to clinical follow-up alone.
Clinical information was obtained from patients' medical records and from an institutional melanoma patient database developed and maintained by one of the authors (CG). Data collection included the age and gender of the patient, the anatomic site of the primary tumour, length of clinical follow up, the presence and type of disease recurrence and any additional (surgical, medical or radiation) treatment. Recurrence was defined as any clinical, pathological and/or radiological evidence of recurrent local disease, in transit or satellite metastases, regional or distant lymph node involvement and/or systemic or visceral metastases. Duration of follow-up was defined as the interval from the time of the initial pathological tissue diagnosis of melanoma (biopsy or excision) to the most recent clinical evaluation of the patient.
Sentinel Lymph Node Procedure
Radionucleotide lymphatic mapping was used for preoperative identification of lymph node drainage of the primary tumour. At the time of surgery, injection of the primary tumour site with 99m Te-labeled colloid was followed by lymphoscintigraphy and subsequent intraoperative injection of a non-vital blue dye. Identification and dissection of the sentinel node(s) was aided by both the visible blue color and the radioactive signal detected with a hand held gamma probe.
Sentinel Lymph Node Evaluation
Processing and pathologic review of the sentinel lymph nodes was based on methods used originally in the Multicentre Selective Lymphadenectomy Trial from the John Wayne Cancer Institute and these are outlined in detail in previous publications by the senior author. 8, 9 Briefly, each harvested node was received fresh in the laboratory and one-quarter was frozen for RNA extraction. Tyrosinase messenger RNA was sought by the RT-PCR technique according to previously published protocols 10 using appropriate positive and negative controls.
The remaining three-quarters of each node were immediately formalin-fixed and paraffin embedded.
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Six serial sections were produced for histopathological and immunohistochemical analyses. Two sections of each node were stained with hematoxylin and eosin (H&E). Immunohistochemistry was performed on alternate sections with antibodies for S100 protein (polyclonal rabbit anti-cow antibody, DAKOcytomation, Mississauga, ON, Canada) and HMB45 (anti-human melanosome clone antibody, Ventana, Tucson, AZ, USA) in concert with appropriate positive and negative control sections. Histologic positivity of sentinel lymph nodes was defined as the presence of any evidence of metastatic melanoma by H&E staining and/or immunohistochemistry. Representative examples of RT-PCR, histologic and immunohistochemical analyses are shown in Figure 1 . The pathology of all primary melanoma and sentinel node specimens was reviewed, at the outset or retrospectively, by one of the authors (NW). The pathologic prognostic features recorded for each primary tumour included depth/thickness (Clark's level and Breslow measurement) and the presence or absence of ulceration.
Statistical Analysis
Comparative analysis of clinical and pathological factors between groups was performed using a standard w 2 test. Univariate and multivariate logistic regression analysis were performed on primary tumour characteristics, sentinel lymph node status (histologic and molecular) and clinical data to identify prognostic variables.
Results
Patient and Primary Tumour Characteristics
The initial computerized search of the LIS identified 169 patients (314 sentinel nodes). Twenty patients were removed from the study owing to insufficient RNA or RT-PCR product for molecular analysis and Sentinel lymph nodes in melanoma C Tatlidil et al a further 10 patients were excluded because of incomplete clinical data (ie lost to follow-up). In total, 264 sentinel lymph nodes harvested from 139 patients (mean of 1.9; range of 1-8 nodes/patient) were included in the study.
The clinical characteristics of these patients and the pathological characteristics of their primary tumours are shown in Tables 1 and 2 , respectively. The mean age of the slightly male predominant study population was 56.4 years (range 14-86). The mean and median Breslow tumour thicknesses were 1.92 and 1.40 mm, respectively, with a corresponding mean and median Clark level of III. There were no significant differences in any of the measured demographic or pathological variables between the original 169 patients and the subset of 139 patients included in this study (data not shown).
Histopathologic and Tyrosinase RT-PCR Analyses
All sentinel lymph nodes were analyzed by both histopathologic examination (routine H&E sections and immunohistochemistry) and RT-PCR analysis. Histologic evidence of nodal metastasis was present in 34/139 patients (24.5%) and 61/139 (43.9%) patients demonstrated tyrosinase mRNA positivity by RT-PCR. Sentinel nodes from 13 patients (9.4%) were found to contain benign capsular nevi.
Patients were then grouped according to nodal status. The first group (70/139 patients, 50.4%) had sentinel lymph nodes that were negative by both methods of evaluation (HIS Using histologic positivity as the 'gold standard', the calculated sensitivity and specificity of RT-PCR detected tyrosinase mRNA was 76 and 67%, respec- 
SLN Status and Clinical Outcome
The mean duration of follow-up for all patients was 27.7 months, with a median of 25.0 (range 1-74) months. During this time, recurrence of all forms (local, nodal and/or systemic) had developed in 31 of 139 patients (22.3%). Table 3 (Table 4 ). In addition to the primary tumour thickness (Breslow measurement and Clark level), the histologic status of sentinel lymph nodes was the only other significant prognostic indicator of disease recurrence in the population studied. When these three variables were examined in a multiple logistic regression analysis, only the Breslow thickness (P ¼ 0.0193) and nodal positivity (Po0.0001) remained as independent significant prognostic factors. The Clark level was no longer significant (P ¼ 0.169). Patient gender, age, tumour location and/or presence of ulceration did not significantly impact on recurrence. The number of primary tumours displaying ulceration was small (13 in total). The presence of ulceration of the primary melanoma did not correlate with positive histologic sentinel lymph node status (P ¼ 0.0849, standard Fisher's exact test).
The type of disease recurrence (local, regional, distant, dead of disease) in relation to sentinel lymph node status is presented in groups within all categories of recurrence (P ¼ 0.0019-P ¼ 0.0184). Breslow thickness was a significant predictor only for overall recurrence and regional lymph node involvement (P ¼ 0.0026).
Discussion
After grouping our patients according to sentinel lymph node status and then examining the clinical Sentinel lymph nodes in melanoma C Tatlidil et al and HIS NEG groups, reiterating the well-established independent prognostic significance of histopathologic evidence of nodal metastasis. We found the same to be true of the Breslow thickness of the primary melanoma, in accordance with existing data in the literature. In contrast to previous reports, ulceration of the primary tumour did not carry independent prognostic significance in our population. The relatively small number of ulcerated tumours in our study (9.3%) may have resulted in a lack of statistical power to demonstrate significance.
The clinical outcome of patients in our study with positive results on molecular studies alone (HIS NEG / PCR POS ) was comparable to that of patients whose sentinel nodes were negative by both assessments (HIS NEG /PCR NEG ) and was significantly better than that observed in HIS POS patients. In addition, the relative rates of specific types of recurrence (local, regional, systemic and melanoma related-mortality) between the HIS NEG /PCR POS and HIS NEG /PCR NEG groups were similar, these being significantly lower than those observed in the HIS POS group. These results support the current conservative approach to management of HIS NEG /PCR POS patients, sparing these patients a significant number of unnecessary lymphadenectomy procedures with its associated morbidity.
Our results differ from earlier published reports on this topic [11] [12] [13] [14] [15] [16] showing that molecular detection of metastasis in sentinel lymph nodes was of prognostic significance. These studies demonstrated recurrence rates in HIS NEG /PCR POS patients that were intermediate between HIS NEG /PCR NEG and HIS POS populations, ranging from 10 to 31%. In contrast, the two most recent studies, 17, 18 including the largest randomized prospective trial to date (The Sunbelt Melanoma Trial) support our findings. The recurrence rate in HIS NEG /PCR POS patients in these reports and in our study collectively was 7.2-11%, substantially lower than those previously reported, and not significantly greater than in HIS NEG /PCR NEG patients. Table 6 compares the populations and results of these reports [11] [12] [13] [14] [15] [16] [17] [18] with those of the present study. To our knowledge, ours is the first analysis with a retrospective design and relatively short duration of follow-up to show a lack of prognostic significance for tyrosinase expression in sentinel nodes.
It could be argued that the significance of our findings is limited by the short duration of follow-up (median 25 months). However, this time period is within the spectrum of those reported by others. A recent prospective study 15 Of patients in our study without histopathological or molecular evidence of metastatic disease in sentinel lymph nodes, 10% had recurrent disease within the follow-up period. This is comparable to recurrence rates in HIS NEG /PCR NEG patients reported in prior studies, which ranged from 1.6 to 15%. [11] [12] [13] [14] [15] This apparent paradoxical pattern of disease progression may in part be explained by metastasis of some melanomas via the blood stream as opposed to the lymphatic system. Of the seven HIS NEG /PCR NEG patients in this study with recurrence, only one patient developed distant metastases and died of metastatic melanoma without local or regional LN involvement. This one case may reflect haematogenous rather than lymphatic spread. The remaining six patients likely represent limitations in tissue sampling, evaluation methodologies and/or human interpretative error.
The prognostic significance of histopathological evidence of metastases in the sentinel lymph nodes of melanoma patients is beyond doubt and its inclusion as a valid staging parameter is well accepted. Additional work is required to address the significance of positive findings using highly sensitive molecular methods, such as RT-PCR, in this context. For example, it is open to question whether some of the 'melanoma-specific' molecular markers in current use are truly melanoma-specific or whether they can be found in other cells such as Schwann cells or melanophages. Issuing from this is the question of whether positivity for multiple, rather than single, molecular markers carries more significance in predicting disease recurrence. Furthermore, whether a critical volume of metastatic melanoma cells in sentinel nodes has a relationship to disease recurrence is unknown and this may have a bearing on whether a defined threshold of positivity for melanoma markers, detectable by RT-PCR, would be of value. The substantial number of patients with HIS NEG /PCR POS sentinel nodes makes it imperative to resolve these issues, which are currently a focus of study by others. Our results indicate that, in the short-term, disease recurrence in patients with single marker positivity for tyrosinase mRNA is no different from that in patients whose nodes are negative by both methodologies. Given the conflicting data in the literature all available data on the subject require scrutiny.
